We report new results on the ratio of facular area to sunspot area from a program of continuing photometric observations using the Cartesian Full Disk Telescope No. 1 (CFDT1) at the San Fernando Observatory (SFO). The facular areas are determined from images obtained with a 1 nm bandpass Ca II K line Ðlter, and sunspot areas are determined from red images at 672 nm with a 10 nm bandpass Ðlter. On the K line images faculae were identiÐed by pixels that had a contrast equal to or greater than 4.8% divided by k. Previously, we found that the average facular-to-spot area ratio was 16.7^0.5 during the latter part of solar cycle 22 and that there was a small but statistically signiÐcant rise in the ratio with time. If we take an average from the beginning of the K line data (mid-1988) until the middle of 1996, excluding days of zero sunspot area, the average ratio is 16.4^0.4. The average ratio from mid-1996 to the end of 1999 November is 12.6^0.5. Including days of zero sunspot area for these same intervals we Ðnd average ratios of 16.8^0.5 and 13.2^0.6, respectively. We have recently reprocessed our K line images, which have been photometrically "" cleaned.ÏÏ We can now reliably identify facular pixels with a contrast criterion of 2.4%, resulting in an increase in the average facular-to-spot ratio of approximately 3. The average facular and sunspot areas for cycle 23 are signiÐcantly lower than for cycle 22.
INTRODUCTION
Variations in total solar irradiance (TSI) observed by spacecraft are due, in large part if not entirely, to the passage of sunspots, faculae, and network across the visible solar disk Unruh, Solanki, & Fligge 1999) . Sunspots cause deÐcits in the irradiance, and faculae and network cause excesses. The fact that the TSI is on average higher near sunspot maximum implies that the inÑuence of faculae and network is greater than that of sunspots & Lean 1998 ). Attempts to model the (Fro hlich e †ects of these features on the TSI requires, among other things, a knowledge of the relative area of sunspots and faculae and the dependence of their contrast on k, the cosine of the heliocentric viewing angle (Ahern & Chapman 2000 ; Chapman, Cookson, & Dobias 1996 ; Harvey & White 1999 ; Pap et al. 1997 ; Steinegger et al. 1996 ; Fligge et al. 1998 ; Fligge, Solanki, & Unruh 2000) . We present an analysis of the area of sunspots and faculae for the time period from mid-1988 through the end of 1999. This time period encompasses most of solar cycle 22 and most of the rise of cycle 23. This is a new analysis, made possible by improved software (Walton et al. 1998 ; Walton & Preminger 1999) that has enabled us to eliminate more noise and artifacts in our photometric images. In the past (Chapman, Cookson, & Dobias 1997 , hereafter Paper I) image noise required that our software be limited to searching for facular pixels on K line images with a contrast criterion of 4.8%. New algorithms for removing image noise have allowed us to lower the facular contrast criterion to 2.4% in our search for faculae.
INSTRUMENT AND DATA DESCRIPTION
The data used for this paper are from the Cartesian Full Disk Telescope No. 1 (CFDT1), described in greater detail in Paper I. BrieÑy, the telescope has a 1 inch (2.54 cm) aperture and a 40 inch (1.02 m) focal length. The focal plane is located inside a light-tight box containing a Ðlter wheel and the diode array with its electronics. The box is cooled by a constant Ñow of Ðltered cool air. Images are created by allowing the earthÏs rotation to move the solar image across the array, which is oriented in a geocentric north-south direction. As the solar image is scanned, an additional digitized signal is recorded from a silicon photodiode measuring the relative sky transparency with a green Ðlter, at a wavelength centered on 530 nm. The resulting image is 512 ] 512 pixels with a pixel size of square, each row 5s .12 having an additional 16 bit word of digitized transparency data.
Facular areas are determined from images taken in the Ca II K line (393.4 nm) with a bandpass of 1 nm. Sunspot areas are determined from red-Ðlter images obtained at 672.3 nm with a 10 nm bandpass. To detect features on an image, solar limb darkening must Ðrst be removed by dividing the entire image by the quiet-Sun limb darkening, resulting in a contrast image (Walton et al. 1998 ). This contrast image can then be searched for either faculae or sunspots. In the past, any pixel on a K line contrast image with a contrast of 4.8%/k or higher was considered to be a facular pixel (where k is the cosine of the heliocentric angle). The 1/k term is an approximate way to reduce the detection bias caused by limb brightening of the facular pixels on K line contrast images. Currently, for reasons described in the next section, we have lowered the contrast criterion to 2.4%/k. Any pixel on a red image with a contrast of [8.5% or less was considered to be a sunspot pixel. This includes both umbral and penumbral areas, where umbral pixels are those with a contrast of [32% or less Steinegger et al. 1990 ; Beck & Chapman 1993 ).
ANALYSIS AND RESULTS
We have divided the data into two intervals. The Ðrst one begins with our Ðrst available K line data in mid-1988 and ends in mid-1996. This interval corresponds to most of solar cycle 22. The second interval begins in mid-1996 and ends in 1999 November, and it corresponds to approximately the Ðrst half of cycle 23. We have used both the red and K line images that have been recently reprocessed with the latest software. The most important improvements have been in the improved "" Ñattening ÏÏ of the contrast images, the removal of "" ghost images,ÏÏ and improved destreaking. The e †ect of these improvements is to allow the lowering of the contrast criterion, most notably in the K line images. This is signiÐcant because contrasts for faculae are lower than for sunspots. We have now found it possible to lower the contrast criterion from 4.8% to 2.4% without running into signal-to-noise ratio problems. As before, we increase the contrast criterion toward the limb as 1/k to allow for the increased contrast of facular pixels as the limb is approached. Table 1 summarizes the average facular-to-spot area ratio for all data for the two intervals given in column (1). Column (2) indicates whether the average areas include days of zero sunspot area. The contrast criteria, in percent, are in column (3). Column (4) gives the facular-to-spot area ratio. The standard deviations in column (5) refer to the facular-to-spot area ratio in column (4). Column (6) gives the mean facular area for the interval in microhemispheres.
We have examined the e †ect on the data of Table 1 of shifting the assumed time of solar minimum between the two cycles. When we place the dividing time in 1996 January, rather than 1996 August, we have 28 100 day bins in cycle 22 and 14 100 day bins in cycle 23, rather than 30 bins in cycle 22 and 12 in cycle 23.
We can see by comparing Table 2 to Table 1 that changing the assumed time separating cycle 22 from cycle 23 by about 7 months has a negligible e †ect on the facular and spot areas. This is not too surprising, given that there were essentially two periods of low solar activity, one in the spring of 1996 and the other in the fall of 1996. Tables 1 and   2 show that cycle 23 is considerably weaker than cycle 22. This can be seen directly in the mean facular areas in Tables  1 and 2 . The mean sunspot areas can be calculated from the facular areas and the facular-to-spot area ratios in the tables.
We have regressed the facular-to-spot area ratio against time, using the data in 100 day bins, as was done in Paper I. These results (eqs. [1]È[8]) exclude days when the sunspot area was zero. For the Ðrst interval using faculae determined by the 4.8% criterion, we Ðnd the following Ðt :
where b is the bin number. This is a change from the result in Paper I, which included data for only a portion of this interval, from mid-1988 to the end of 1995, along with results from several bins of low facular-to-spot area ratio in 1996. For the second interval, the Ðt is
Figure 1 shows these data and the weighted least-squares Ðts. The error bars on each data point indicate the standard deviation. The dotted line shows the scaled facular area, smoothed with an 81 day running mean in order to show the phase of the solar cycle.
If the independent variable is day number, rather than bin number, we Ðnd for the Ðrst interval
and for the second interval we Ðnd
The zero point for day number in the above two Ðts was 1988 May 30, which was when we Ðrst began acquiring usable K line images. (1) and (2). Fig. 1 , but with faculae deÐned by a 2.4% contrast criterion in the K line. Days of zero spot area are excluded. Regressions are given in the text as eqs. (5) and (6). Fig. 1 , but including days with zero sunspot area. The facular contrast criterion is 2.4%. Regressions are given in the text as eqs. (9) and (10).
FIG. 2.ÈSame as

FIG. 3.ÈSame as
Using faculae determined by the new 2.4% criterion, the Ðt for the Ðrst interval is
For the second interval the Ðt is
Again, days of zero spot area have been excluded. Figure 2 shows the facular-to-spot area ratio using the new 2.4% contrast criterion for faculae. The ratio has increased by roughly a factor of 3 over that using the 4.8% criterion.
If we include days with zero sunspot area we Ðnd the following Ðts. For the Ðrst interval we Ðnd
Again, the zero point for day number in the above two Ðts was 1988 May 30, which was when we Ðrst began acquiring usable K line images. Figure 3 shows the e †ect of including days having zero sunspot area. As expected, the greatest changes are near times of solar minimum, when there are sometimes many days in a row when the sunspot area is zero.
We have also investigated the rotational behavior of the K line faculae by calculating an autocorrelation function, as described in Paper I. The autocorrelation excludes days with no K line data. For the Ðrst interval, from mid-1988 to mid-1996, we found the rotational behavior to be very much like that in Paper I. At a lag of approximately 150È160 days, the 27 day rotational modulation disappears, reappearing at a greater lag but with a di †erent phase. For the second interval, from mid-1996 to the end of 1999, the autocorrelation shows the 27 day rotational modulation persisting out to a lag of nearly 1 yr.
CONCLUSIONS
First, although the facular-to-spot area ratio depends in a sensitive way on the contrast criterion used to select facular pixels, we still Ðnd an increase in the facular-to-spot area ratio during cycle 22. During the Ðrst part of cycle 23, we see a decrease in this ratio. The e †ect of larger facular areas on variations in the TSI will depend on the contrast of these fainter regions. This e †ect will be investigated in Preminger, Walton, & Chapman (2001, in preparation) . The next major step will be to determine the e †ect of narrowing the bandpass of the K line Ðlter. We intend to study this by analyzing the narrow K line (0.3 nm) images produced by CFDT2 pixels). (2s .5 Second, the lifetime of activity complexes, inferred from the persistence of the 27 day rotational modulation, may have changed when compared with cycle 22. Instead of the 27 day rotational modulation disappearing after about 150 days, as we saw for cycle 22, in cycle 23 the 27 day rotational modulation persists for nearly 1 yr.
Third, we conÐrm that cycle 23 is di †erent from cycle 22 in terms of the mean facular area. Facular areas in cycle 23 are about a factor of 2 or 3 lower than in cycle 22. Thus, cycle 23 appears to be a weak cycle, in support of the results of de Toma et al. (2001) .
